The Kaiike Strain of Euplotes sp. was found to feed on Chromatium sp., a phototrophic bacterium blooming at an upper boundary of the HZS layer, as an effective food source (MATSUYAMA and MOON, 1997) . Without any environmental control, the ciliates were thought to consume the Chromatium population within a week (MATSUYAMA and MOON, 1997) . The size of the bacterium, 3-4 X 3-6 ,um, seems ideally suited to the filter-feeding of Euplotes species (FENCHEL, 1987) .
However, Chromatium sp. as well as a coexisting bacterium, Macromonas sp., were able to maintain dense populations at the upper boundary of the HZS layer throughout the years, although they appeared to grow very slowly in the lake (MATSUYAMA, 1988 (MATSUYAMA, , 1993 .
Although the presence of ciliates in many anoxic waters has been described (FENCHEL and FINLAY, 1995) , very little work has been done to elucidate the ecological role of these ciliates in such waters. MASSANA and PEDROS-ALIO (1994) studied the dynamics of two populations of anaerobic ciliates of Plagiopyla sp. and Metopus sp., and of their potential prey of heterotrophic and phototrophic bacteria in Lake Ciso. They showed that the impact of predation by the Plagiopyla population on bacterioplankton was insignifi-cant, being less than 0.1% of the bacterial biomass consumed per day. This study aims to elucidate the feeding pressure from Euplotes sp. on the Chromatium population in Lake Kaiike.
Lake Kaiike (surface : 0.15 km2, max. depth : 11.6 m) is stratified ; the seawater layer below 2-3 m depth is consistently covered by less saline water, and the water below 4-5 m contains a significant amount of H2S (-36 mg S 1-1) throughout the year. Figure 1 shows the vertical profiles of two dominating bacteria and ciliates as well as some environmental factors. Members of Copepoda and Spirotrichia were also found, but they were less than 1,000 ind. 1-1 at any depth.
Chromatium sp. reached a maximum of 1 x 106 cells ml-1 at 5.5 m where H2S began to appear (1.5 mg S 1-1). Euplotes sp. and Tracheloraphis sp. reached the maximum abundances of 1.2 X 104 cells and 2.3 X 104 cells 1-1 at 5 m, respectively.
The numbers of both species decreased below this depth. Similar relationships between the growth rate and abundance of bacterial prey were reported for the phagotrophic chrysomonad, Paraphylosomonas vestita (FENCHEL, 1987) and Plagiopyla nasuta and Metopus sp. .
Maximum yields of the ciliates attained in each flask (Y) were linearly proportional to the bacterial cells added (X) when the bacterial addition was below the level of 7 X 106 cells ml-1 (Fig. 2-B) , and the following relation was suggested :
AY : AX =1.89 x 10-4 : 1.00
A single ciliate cell was considered to need about 5,000 Chromatium cells for cell division, and this estimation was roughly consistent with that reported in our previous study (MATSUYAMA and MOON, 1997 Without the addition of H2S (Fig.  3-A) , the ciliates grew at a rapid rate of 0.4 day-1 for the first 5 days, and bacterial numbers rapidly decreased. At 9 days of incubation, the ciliates reached 900 cells ml-1, while the bacterial abundance dropped below 104 cells ml-1.
An addition of HZS to a level of 10 mg S 1-1 (Fig. 3-B) markedly inhibited both the growth of the ciliate as well as the decrease in bacterial abundance, indicating that the feeding activity on the bacterial cells was completely suppressed.
These findings were markedly different from those reported for anaerobic Plagiopyla nasuta by . They showed that H2S concentrations between 0 and 32 mg S 1-1 did not affect feeding activity, but concentrations greater than 64 mg S 1-1 inhibited it.
However, the abundance of Euplotes sp. remained at the initial level until the end of incubation (11 days), and most of the ciliates were viable throughout the incubation since they immediately began to grow when the culture was put in an aerobic condition.
The ciliates seemed to grow aerobically, but only survived in the HZS-containing condition as long as it was below 10 mg S 1-1. This was consistent with the findings of FENCHEL and FINLAY (1995) . They showed that Euplotes sp. survived when H2S was less than 160 mg S 1-1. At a level of 160 mg S 1-1, its survival time (50% survival) was about 24 hr.
At elevated levels of H2S addition (Fig. 3-C, D) , both Euplotes sp. and Chromatium sp. decreased in abundance with incubation.
It must be noted that even at a more elevated levels of HZS up to 60 mg S 1-1 (not shown here), motile but slowly crawling ciliate cells which contained bacterial cells inside their bodies were observed for several days. The ciliates seemed to ingest the bacterial cells even in the presence of a significant amount of H2S, which probably exceeded the tolerable level. In Lake Kaiike, Euplotes sp. seems to penetrate into the H2S layer to feed on the bacterial cells and then return to the overlying layer to grow.
To estimate the predatory impact of Euplotes sp. on the Chromatium population in Lake Kaiike, the ciliate was grown by adding with limited numbers of bacterial cells. Figure 4 -A shows the growth of the ciliate in the Corning flasks, to which different amounts of Chromatium sp. were added at 0, 1, 4, 6, and 8 days of incubation.
At all levels of bacterial addition, the ciliates had consumed the bacterial cells completely before the next addition.
Without the addition of bacterial cells (a), the ciliates gradually decreased in number. However, they increased even at a minimum rate of bacterial addition (1 x 104 cells ml-1 day-1) (b). Relationships between the mean specific growth rate of ciliates (simply obtained from the change in numbers during incubation) and the rate of bacterial addition (Fig. 4-B) showed that the ciliate population (80 cells ml-1) needed about 5100 bacterial cells daily to sustain the biomass (a single ciliate cell needed about 60 bacterial cells per day). Comparison of this rate with that necessary for cell division (about 5000 bacterial cells per single ciliate cell, Fig. 2-B) indicated that a larger part of energy was involved in macromolecular synthesis for cell division and only a very small fraction of the energy budget was spent on work to maintain cell integrity, as already stated by FENCHEL (1987). If this rate of ca. 60 bacterial cells day1 for a single ciliate cell is accepted as a minimunm requirement of Euplotes sp. for the bacterium, the ciliate population in an upper water column of Lake Kaiike from 1 cm2 lake surface down to 6 m depth (2,300 cells cm-2 on 24 October 1997) was suggested to feed on 1.5 x 105 cells of Chromatium sp. daily to sustain the biomass. However, the actual biomass of the bacterium in the same water column amounted to 6 X 107 cells cm-2. The impact of predation by Euplotes sp . seemed to exert no significant effect on the Chromatium population as long as the feeding activity of the ciliates was limited to sustaining the population. It is apparent that dissolved H2S in the habitat of Chromatium sp ., which was usually less than 5 mg S 1-1 at the bacterial peak (but alwasy present) plays a decisive role in protecting the bacterium from the feeding pressure of Euplotes sp. of Spirotrichia (B) collected from Lake Kaiike. They contained many Chromatium sp. and Macromonas sp. cells inside their bodies. Members of Tracheloraphis are believed to be an interstitial species (FENCHEL, 1987) . This figure shows the importance of these bacteria in the planktonic food webs in Lake Kaiike.
